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a b s t r a c t
Background:Theone-monthTimeLineFollowBack calendar (TLFB) and theAlcoholUseDisorders Identiﬁ-
cation Test (AUDIT) are used to collect self-reported alcohol intake data.We compared these instruments
with the alcohol biomarker phosphatidylethanol (PEth) among young-people in northern Tanzania.
Methods: AUDIT and TLFB were applied in a cross-sectional study of 202 young people (18–24 years),
who reported using alcohol during the past year (103 male casual labourers; 99 college students). We
assayed whole blood for PEth 16:0/18:1, using liquid chromatography-tandem mass spectrometry.
Results: For both self-report methods, alcohol consumption was high, particularly among men (e.g. a
median of 54 drinks per month in labourers), and about half of male students (48%) reported hazardous
or harmful levels of drinking (AUDIT ≥8). Almost half (49%) of participants were PEth-positive (median
concentration 0.03mol/L). There were signiﬁcant positive correlations between reported total alcohol
intake and PEth concentration in males (Spearman’s correlation rs =0.65 in college students and rs =0.57
in casual labourers; p<0.001). Self-reported use in the past month was a sensitive marker of having a
positive PEth result (≥0.01mol/L) with 89% of those with a PEth positive result reporting alcohol use,
and this was similar in all groups. The proportion of those with AUDIT scores ≥8 and AUDIT-C scores ≥6
among those with a high cut-off positive PEth result (≥0.30mol/L) ranged between 94 and 100%.
Conclusion: TLFB and AUDIT are sensitive measures to detect heavy alcohol use among young-people in
northern Tanzania. They can be used to identify young people who may beneﬁt from alcohol-focused
interventions.
rs. Pu© 2015 The Autho
. Introduction
Excessive alcohol use is a major public health problem, and
s associated with an estimated 5% of global mortality and 6% of
isability adjusted life year’s (DALYs) lost globally (World Health
rganisation, 2014). It often begins at a young age (Bellis et al.,
009; Gore et al., 2011; Swahn et al., 2010a, 2010b). According to
HO, 46% of the world’s adolescents aged 15–19 years reported
aving ever used alcohol, and 34% had used it in the last year
 Supplementary material can be found by accessing the online version of this
aper at http://dx.doi.org and by entering doi:10.1016/j.drugalcdep.2015.09.027.
∗ Corresponding author at: National Institute for Medical Research,
wanza Research Centre, PO Box 1462, Isamilo Road, Mwanza, Tanzania.
el.: +255 78 4525294.
E-mail address: joelmfrancis@gmail.com (J.M. Francis).
ttp://dx.doi.org/10.1016/j.drugalcdep.2015.09.027
376-8716/© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access
c-nd/4.0/).blished by Elsevier Ireland Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
(World Health Organisation, 2014). In Africa, these estimates were
41% and 29%, respectively (World Health Organisation, 2014). The
estimated prevalence of heavy episodic drinking (deﬁned as intake
of at least 6 standard alcoholic drinks on one occasion; World
Health Organisation, 2014) is higher in adolescents than in adults
in general populations (adolescents: 12% globally and 8% in Africa;
adults: 8% globally and 6% in Africa; World Health Organisation,
2014).
A recent systematic review showed that alcohol use is also
common among young people in eastern Africa, but that few
studies used recommended alcohol screening instruments (Francis
et al., 2014). Studies to estimate the prevalence of alcohol use and
assess the impact of interventions to address hazardous alcohol
use in Africa require validated screening tools, based on self-
reports. The Alcohol Use Disorders Identiﬁcation Test (AUDIT), a
self-report alcohol screening tool for excessive drinking developed
byWHO, has been used in both high and low income countries and
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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16:0/18:1 is 0.01mol/L. In Sweden, following a national harmon-
isation of PEth measurement (Helander and Hansson, 2013), the
routinely applied cut-off to indicate “any intake of alcohol” for90 J.M. Francis et al. / Drug and Alco
ecommended for use in primary care settings among adults
Chishinga et al., 2011; O’Connell et al., 2004; Saunders et al., 1993).
shorter version of AUDIT, theAUDIT-C that includes theﬁrst three
uestions of AUDIT on alcohol consumption is effective in AUD
creening (Bush et al., 1998).
The Time Line Follow Back (TLFB) calendar method that also
elies on self-reported information (in terms of quantity and fre-
uency) has been mainly applied in high-income settings (Maisto
t al., 1979; Sobell and Sobell, 1978; Sobell et al., 1986).
Expectations from peers and family members inﬂuence both
he drinking behaviour of adolescents and young adults, and what
hey report about it; and these are likely to differ from those
f adults (Gardner and Steinberg, 2005; Steinberg and Monahan,
007). Because AUDIT and TLFB have been shown to be use-
ul tools for alcohol screening in young people in some settings
Aertgeerts et al., 2000; Fleming et al., 1991; Sobell et al., 1986),
hey are potentially useful to inform alcohol interventions among
oung people in Africa as well; however, they have not yet been
alidated among such populations. The objective validation of self-
eported alcohol consumption tests requires the use of alcohol
iomarkers. A range of blood-based biomarkers exists includ-
ng phosphatidylethanol (PEth), carbohydrate-deﬁcient transferrin
CDT), and gamma-glutamyl transferase (GGT; Conigrave et al.,
002; Golka et al., 2004; Golka and Wiese, 2004). PEth is a direct
thanol metabolite in blood that has a comparatively long half-life,
nd therefore is able to discriminate between levels of alcohol use
uring the past onemonth (Isaksson et al., 2011; Varga et al., 1998;
iel et al., 2012). It has beenused among adult populations globally,
ncluding in Sub Saharan Africa, to examine self-reported haz-
rdous and harmful alcohol use (Bajunirwe et al., 2014; Hahn et al.,
012a, 2012b). PEth is very speciﬁc and sensitive for heavy and
hronic alcohol intake, however it is difﬁcult to establish the PEth
ut off for heavy alcohol intake due to inter-individual metabolism
ates for PEth (Stewart et al., 2010). For this paper, we have utilised
he harmonised PEth cut off (≥30mol/L) for heavy alcohol use for
wedish population (Helander and Hansson, 2013).
In this study, we compared self-reported alcohol use recorded
y the one-month TLFB and AUDIT against PEth among college
tudents and young casual labourers in northern Tanzania. To our
nowledge, this is the ﬁrst study using a speciﬁc alcohol biomarker
PEth) to compare self-reported alcohol use among young people
n Africa.
. Material and methods
.1. Study populations and procedures
In March and April, 2014, we conducted a cross-sectional study
mong two groups of young people (college students and casual
abourers) in Mwanza city, northern Tanzania. We aimed to enrol
articipants from these two groups, as they are known to include
oth modest and hazardous/harmful users of alcohol based on
ecently completed survey in this area. College students comprised
tudents enrolled in higher learning institutions for diploma or
ndergraduate training, and young casual labourerswere recruited
rom garages (car workshops). Casual workers from this sector
re typical for male casual workers with unstable employment in
his geographical setting and can be more easily identiﬁed than
or example casual workers from temporary building sites. Partici-
ants were eligible if they were aged 18–24 years, reported having
onsumed alcohol in the last year and provided written informed
onsent. Impartial witnesses documented the consent for Illiterate
tudyparticipants.Noneof theparticipantswasunder the inﬂuence
f alcohol at the timeof the interview.Ethical approvalwas received
rom the Lake Zone Institutional Review Board at the Nationalependence 156 (2015) 289–296
Institute for Medical Research (NIMR), Mwanza (MR 53/100/155)
and the Ethics Committee of the London School of Hygiene and
Tropical Medicine (LSHTM ethics ref 7074). Permission was also
obtained from heads of colleges and managers of garages.
At two randomly selected colleges, we randomly selected one
class in each college and enrolled all volunteering eligible students.
Weconsecutivelyvisitedgarages inMwanzacity startingwith large
garages and enrolled all volunteering eligible casual workers until
we attained the desired sample size. The study was performed by
two lay research assistants who administered the AUDIT question-
naire (Saunders et al., 1993) and one-month TLFB calendar (Sobell
et al., 1988), and two medical ofﬁcers who drew blood samples.
We chose a sample size of 200 young people in total based
on the assumption that the true prevalence of alcohol use in the
last one month among young people in East Africa is about 28%
(Francis et al., 2014), and the intention to determine sensitivities
and speciﬁcities of self-reported alcohol use against PEth, which is
only formed in the presence of ethanol (Helander and Zheng, 2009),
with reasonable precision. With a sample of 200 participants, we
expectedabout46 truepositives and154 truenegatives. For a sensi-
tivity of 80%wewould expect a 95% conﬁdence interval (CI) ranging
from 70.2% to 88.0%; and for a speciﬁcity of 95% a 95%CI interval
from 88.5 to 98.7%.
2.2. Measurement of self-reported alcohol use
Self-reported alcohol use was documented using AUDIT and
TLFB. We applied the TLFB method for any alcohol intake in the
past one month in combination with an alcohol pictorial display, a
list of commonly available types of beverages with their standard
drinks equivalents and a brief questionnaire, jointly used to deter-
mine the type andactual amount of alcohol consumedas accurately
as possible (see Supplementary material, ﬁle 1 and 21). In addition,
we also asked participants whether they had consumed alcohol in
the past 2 and 6months, respectively.We documented the amount
of alcohol intake as standard drinks (1 standard drink being equiv-
alent to 10g of pure alcohol; World Health Organisation, 2000).
We deﬁned an intake of an average of ≥6 drinks per day as ‘heavy
alcohol intake’ (World Health Organisation, 2014).
2.3. Blood sample collection, processing and laboratory assay for
phosphatidylethanol (PEth)
Each study participant was asked to provide 5mL of venous
wholeblood collected intoEDTAvacutainer tubes. Beforeblood col-
lection, the veni-pucture site was swabbed twice with clean water
and allowed it to dry. Fieldworkerswere instructed not to use alco-
hol for sterilisation. The blood samples were immediately stored in
acoolbox in theﬁeld, and transferred to theNIMR laboratorywithin
3h where they were kept at −80 ◦C.
Samples were shipped in dry ice to the Karolinska Institute
and Karolinska University Laboratory (Stockholm, Sweden) for
assay of PEth 16:0/18:1, the main PEth homologue in human
blood (Helander and Zheng, 2009), using liquid chromatography-
tandemmass spectrometry (LC–MS/MS). In the laboratory, samples
were stored at −80 ◦C until taken for LC–MS/MS analysis, using
selected ion monitoring (SIM) in negative mode of the depro-
tonated molecules (Zheng et al., 2011). The lower quantiﬁcation
limit (LLOQ) of the method for measurement of whole blood PEth1 Supplementary material can be found by accessing the online version of this
paper at http://dx.doi.org and by entering doi:10.1016/j.drugalcdep.2015.09.027.
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Table 1
General characteristics among young people included in the study in northern Tanzania, 2014.
Characteristic Categories Overall Female college students Male college students Male casual labourers
Sample size N 202 41 58 103
Age 18–20 years 36 (17.8) 4 (9.8) 2 (3.5) 30 (29.1)
21–24 years 166 (82.2) 37 (90.2) 56 (96.6) 73 (70.9)
Religion Moslem 36(17.8) 8 (19.5) 5 (8.6) 23 (22.3)
Catholic 102 (50.5) 20 (48.8) 32 (55.2) 50 (48.5)
Other Christians 64 (31.7) 13 (31.7) 21 (36.2) 30 (29.1)
Education Primary and less 62 (30.7) 0 (0.0) 0 (0.0) 62 (60.2)
Secondary and above 140 (69.3) 41 (100.0) 58 (100.0) 41 (39.8)
Marital status Single 64 (31.8) 9 (22.0) 19 (33.3) 36 (35.0)
In relationship 137 (68.2) 32 (78.1) 38 (66.7) 67 (65.0)
Age at alcohol initiation less than 18 years 116 (58.0) 22 (53.7) 34 (59.7) 60 (58.8)
18–24 years 84 (42.0) 19 (46.3) 23 (40.4) 42 (41.2)
Alcohol use in the last 6 months Yes 197 (97.5) 38 (92.7) 56 (96.6) 103 (100.0)
Alcohol use in the last 2 months Yes 158 (78.2) 30 (73.2) 44 (75.9) 84 (81.5)
Alcohol use in the last 30 days Yes 137 (67.8) 25 (61.0) 41 (70.7) 71 (68.9)
Total alcohol intake in a month as
reported by TLFBa (standard
drinks)
Median (IQR) 25 (13, 76) 16 (9, 22) 25 (13, 58) 54 (16, 146)
Average drinking days in a week as
reported by the TLFB
None 65 (32.2) 16 (39.1) 17 (29.3) 32 (31.1)
1–2 days 107 (53.0) 24 (58.5) 34 (58.6) 49 (47.6)
Above 2 days 30 (14.9) 1 (2.4) 7 (12.1) 22 (21.4)
Average drinking days in a month
as reported by the TLFB
None 65 (32.2) 16 (39.1) 17 (29.3) 32 (31.1)
1–10 days 114 (56.4) 24 (58.5) 38 (65.5) 52 (50.5)
Above 10 days 23 (11.4) 1 (2.4) 3 (5.2) 19 (18.4)
At least 1 heavy episodic intake (≥
6 standard dinks) as reported by
TLFB
Yes 115 (56.9) 18 (43.9) 34 (58.6) 63 (61.2)
Heavy episodic alcohol intake
(average of ≥6 standard drinks) as
reported by TLFB
Yes 77 (38.1) 8 (19.5) 23 (39.7) 46 (44.7)
AUDITb (10 items) score Median(IQR) 8.5 (5.0, 14.0) 5.0 (3.0–8.0) 7.0 (5.0, 13.0) 10.0 (6.0, 16.0)
AUDIT <8 (Low risk drinking) 95 (47.0) 30 (73.2) 30 (51.7) 35 (34.0)
≥8 (Risk drinking) 107 (53.0) 11 (26.8) 28 (48.3) 68 (66.0)
AUDIT-C (3 item) score Median (IQR) 5.0 (4.0, 8.0) 4.0 (3.0, 6.0) 5.0 (4.0, 7.0) 6.0 (4.0, 9.0)
Phosphatidylethanol (PEth)
concentration(mol/Lc
Median (IQR) 0.03 (0.00, 0.14) 0.03 (0.00, 0.07) 0.03 (0.00, 0.13) 0.03 (0.00, 0.21)
Positive PEthd (≥0.01mol/L) Yes 98 (48.5) 21 (51.2) 32 (55.2) 45 (43.7)
PEth cut-off for heavy alcohol
intake (≥0.30mol/L)
Yes 25 (12.4) 2 (4.9) 7 (12.1) 16 (15.5)
a TLFB-Time Line Follow Back Calendar.
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c Only among those reporting any alcohol use in the last one month by TLFB.
d PEth 16:0/18:1 in whole blood.
he last ∼1 month is ≥0.05mol/L, and ≥0.30mol/L to indicate
heavy alcohol intake”. These thresholds are based on data from
lood donors (Zheng et al., 2011) and drinking experiments (Gnann
t al., 2012), and complywith the levels seen in observational stud-
es (Stewart et al., 2010). In our study population, we used as PEth
ut-offs the LLOQ (0.01mol/L) to indicate “any alcohol intake” and
.30mol/L for “heavy drinking”.
.4. Data management and analysis
.4.1. Data management. Data were double-entered onto comput-
rs at the data management section of the Mwanza Intervention
rials Unit (MITU) at NIMR Mwanza, using the Open Clinica ver-
ion 3 software. PEth concentration data were merged with the
uestionnaire data..4.2. Main outcomes. The primary outcomes of interest were
i) the correlation between the reported amount of alcohol use
ecorded by TLFB calendar and the whole blood PEth concentra-
ion, (ii) proportion reporting any use in the last month amongthose with a positive PEth result (≥0.01mol/L) (“sensitivity”),
(iii) proportion reporting no alcohol use in the last month among
those with a negative PEth result (<0.01mol/L) (“speciﬁcity”);
(iv) proportion reporting heavy alcohol intake (average of >6
drinks per drinking event) in the last month among those with
a high cut-off positive PEth result (≥0.30mol/L) (“sensitivity”)
and (v) proportion reporting no heavy alcohol intake in the last
month among those with a high cut-off negative PEth result
(<0.30mol/L) (“speciﬁcity”). Secondary outcomes were (i) the
correlation between the AUDIT-C scores (the ﬁrst three AUDIT
questions) and whole blood PEth concentration, (ii) proportion of
thosewithAUDIT scores≥8, AUDIT-C scores≥6 among thosewith a
high cut-off positive PEth result (≥0.30mol/L) (“sensitivity”) and
(iii) proportion of those with AUDIT scores <8, AUDIT-C scores <6
among thosewithahighcut-off negativePEth result (<0.30mol/L)
(“speciﬁcity”).2.4.3. Statistical procedures. All analyses were conducted using
Stata version 13.1. The overall AUDIT score for each partici-
pant was calculated and AUDIT scores ≥8 were categorised as
292 J.M. Francis et al. / Drug and Alcohol Dependence 156 (2015) 289–296
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Fig. 1. Scatter plot of total reported standard drinks by TLFB and whole blood PEth 16:0/18:1 concentration among male casual labourers, male college students and female
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azardous/harmful alcohol use or possible alcohol dependence
Babor et al., 2001). We calculated total AUDIT-C score and the
UDIT-C scores ≥6 were categorised as hazardous/harmful alco-
ol use or possible alcohol dependence (Kokotailo et al., 2004).
he TLFB was used to estimate the total reported amount of alco-
ol consumed, the mean alcohol intake (standard drinks) for each
rinking event, and the prevalence of heavy alcohol intake (average
f ≥6 drinks per drinking event; World Health Organisation, 2014)
nd number of drinking events with heavy intake (≥6 drinks), all
eported for the last month.
We estimated the correlation between different measures of
uantity of alcohol consumption and AUDIT-C score with PEth
oncentrations using the Spearman rank correlation coefﬁcient.
e compared the distribution of quantity of alcohol consump-
ion by self-report and PEth concentration using theWilcoxon rank
um test. We computed sensitivities, speciﬁcities, and areas under
eceiver operating characteristics (AUROC), comparing reported
lcohol use by TLFB, AUDIT and AUDIT-C with PEth.
. Results
.1. Characteristics of the population
The study population comprised 202 young people: 103 male
asual labourers, 58 male college students and 41 female college
tudents. Therewere no female casual labourers employed in these
arages. The majority (166; 82%) were aged above 20 years. By
eﬁnition, all participants had consumed alcohol during the last 1
ear, but almost all participants (197; 98%) also reported consum-
ng alcohol in the last 6 months and 137 (68%) reported this for the
ast 1 month. Age at alcohol initiation was below 18 years for most
articipants (58%).Male casual labourersweremore likely to report
ore total drinks in a month by the TLFB (54 vs 25, p<0.001), and
o score >8 points in the AUDIT (66% vs 48%, p=0.025) than male
ollege students. Males reported more events with heavy episodic
ntake than females (Table 1).3.2. Correlation of PEth with reported quantities of alcohol intake
Overall, about half of the participants tested positive
(≥0.01mol/L) on whole blood PEth (98; 48.5%), with a median
concentration of 0.03mol/L. Speciﬁcally, 21 (51.2%) female
college students, 32 (55.2%) male college students and 45(43.7%)
male casual labourers tested positive on whole blood PEth.
There was a strong positive correlation between the reported
quantities of alcohol intake and the PEth concentration among
male casual labourers (Spearman correlation coefﬁcient, rs =0.57;
p<0.001; Fig. 1), and male college students (Spearman correlation
coefﬁcient, rs =0.65; p<0.001; Fig. 1), and moderate correlation
among female college students (Spearman correlation coefﬁcient,
rs =0.45; p<0.001; Fig. 1). The correlations followed similar
patterns for other parameters of alcohol intake such as number
of days drinking, number of drinks at each drinking events, and
number of events with heavy episodic intake (Table 2). Simi-
larly, there was strong positive correlation between AUDIT-C
scores and PEth concentration among male college students
(Spearman correlation coefﬁcient, rs =0.58; p<0.001; Fig. 2) and
male casual labourers (Spearman correlation coefﬁcient, rs =0.52;
p<0.001; Fig. 2). In addition, there was strong evidence of an
association between median PEth concentration and reported
alcohol use (Wilcoxon-rank sum test, p<0.001) in all three study
populations.
3.3. Performance of self-report against any detectable PEth
Self-reported alcohol use in the past month was a sensi-
tive marker of having a positive PEth result (≥0.01mol/L;
sensitivity 89%), and was similar in the three population
groups. In contrast, self-reported alcohol use in the past month
had low speciﬁcity against PEth, ranging from 48% among
male casual labourers to 62% among female college students
(Table 3).
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Table 2
Correlations of alcohol consumption measured by the one-month TLFB questionnaire and AUDIT-C scores with whole blood PEth 16:0/18:1 concentration (mol/L) among
young people in northern Tanzania.
Measure of alcohol consumption Median (interquartile range) Spearman correlation with PEth value p Value
Overall (n=137)
PEth (mol/L) 0.03 (0.00, 0.14)
TLFB variables
Total alcohol intake as reported by TLFB (standard drinks) 25 (13.0, 76.0) 0.55 <0.001
Drinking days in month (days) 5 (3, 8) 0.48 <0.001
Drinking days in a week (days) 1 (1, 2) 0.48 <0.001
Total drinks in occasion (standard drinks) 6.5 (4.0, 10.7) 0.56 <0.001
Episodes of heavy episodic use (≥6 drinks) 3 (1, 7) 0.51 <0.001
AUDIT variable
AUDIT-C scores 6 (4,9) 0.48 <0.001
Female college students (n=25)
PEth (mol/L) 0.03 (0.00, 0.07)
TLFB variables
Total alcohol intake as reported by TLFB (standard drinks) 16 (9.0, 22.0) 0.45 0.02
Drinking days in month (days) 3 (2, 6) 0.34 0.09
Drinking days in a week (days) 1 (1, 2) 0.35 0.09
Total drinks in occasion (standard drinks) 4.5 (3.3, 6.0) 0.49 0.01
Episodes of heavy episodic use (≥6 drinks) 1 (0, 3) 0.48 0.02
AUDIT variable
AUDIT-C scores 5 (3, 7) 0.29 0.152
Male college students (n=41)
PEth (mol/L) 0.03 (0.00, 0.13)
TLFB variables
Total alcohol intake as reported by TLFB (standard drinks) 25 (13.0, 58.0) 0.65 <0.001
Drinking days in month (days) 4 (3, 6) 0.54 <0.001
Drinking days in a week (days) 2 (1, 3) 0.54 <0.001
Total drinks in occasion (standard drinks) 6.3 (4.0, 9.0) 0.68 <0.001
Episodes of heavy episodic use (≥6 drinks) 3 (1, 5) 0.64 <0.001
AUDIT variable
AUDIT-C scores 6 (4, 8) 0.58 <0.001
Male casual labourers (n=71)
PEth (mol/L) 0.03 (0.00, 0.21)
TLFB variables
Total alcohol intake as reported by TLFB (standard drinks) 54 (16.0, 146.0) 0.57 <0.001
Drinking days in month (days) 6 (3, 12) 0.53 <0.001
Drinking days in a week (days) 1 (1, 2) 0.53 <0.001
Total drinks in occasion (standard drinks) 8.5 (4.0, 12.0) 0.58 <0.001
Episodes of heavy episodic use (≥6 drinks) 4 (2, 10) 0.53 <0.001
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tool to describe each drinking event and determine more pre-
cisely the kind and amount of alcohol consumed at each drinking
event (see Supplementary material, ﬁles S1 and S22). This strategyAUDIT variable
AUDIT-C scores 8 (5, 10)
.4. Performance of self-reported heavy alcohol intake against
igh levels of PEth
The sensitivity of self-reported heavy alcohol use (average of
6 standard drinks per drinking event) when compared with
he PEth cut-off for heavy use (≥0.30mol/L) was high, ranging
rom 92 to 100% across groups. The speciﬁcity ranged from 64 to
5%. Sensitivity was highest among male college students (sen-
itivity 100%) and speciﬁcity was highest among female college
tudents (speciﬁcity 85%) (Table 3). Using the AUDIT-C cut-off of
6 points for hazardous drinking in order to detect heavy drink-
ng (PEth ≥0.30mol/L), sensitivity ranged between 96 and 100%.
peciﬁcity ranged between 53 and 74%, was highest in female
ollege students (74%) and lowest among male casual labour-
rs (speciﬁcity 52%) (Table 4). The sensitivity of the standard
UDIT cut-off (≥8) for hazardous drinking in order to detect
eavy drinking (PEth ≥0.30mol/L) ranged between 94 and 100%
nd the speciﬁcity between 67 and 95%. The highest AUROC
0.96) was observed with AUDIT-C and AUDIT, in the groups of
emale college students and male college students respectively
Table 4).0.52 <0.001
4. Discussion
To our knowledge, this is the ﬁrst study to compare the TLFB
calendar and AUDIT tools against the ethanol metabolite and spe-
ciﬁc alcohol biomarker PEth among young people in sub Saharan
Africa. The results suggest that both the one-month-TLFB calendar,
AUDIT-C and AUDIT are sensitive measures to detect heavy alco-
hol use, but have fairly low sensitivity to detect moderate use (an
average of <6 drinks) of alcohol, especially among young women.
Our ﬁndings show that the TLFB calendar is a valid tool for
reporting alcohol intake among young people, as has also been
reported from high income countries for various groups of young
people including college students (Sobell et al., 1996, 1988, 1986).
In our studywe used the TLFB calendar together with an additional2 Supplementary material can be found by accessing the online version of this
paper at http://dx.doi.org and by entering doi:10.1016/j.drugalcdep.2015.09.027.
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Fig. 2. Scatter plot of total AUDIT-C score and whole blood PEth 16:0/18:1 concentration among male casual labourers, male college students and female college students in
northern Tanzania.
Table 3
The distribution of self-reported alcohol use by the one-month TLFB and whole blood PEth 16:0/18:1 results among young people in northern Tanzania.
Reported alcohol use PEth status
Positive (%) Negative (%)
PEth (≥0.01mol/L)
Overall (n=202) Any drink Yes 87 (88.8)b 50 (48.1)
No 11 (11.2) 54 (51.9)c
Female college students (n=41) Any drink Yes 18 (85.7) 7 (35.0)
No 3 (14.3) 13 (65.0)
Male college students (n=58) Any drink Yes 28 (87.5) 13 (50.0)
No 4 (12.5) 13 (50.0)
Male casual labourers (n=103) Any drink Yes 41 (91.1) 30 (51.7)
No 8 (8.9) 28 (48.3)
PEth (>0.30mol/L) Yes No
Overall (n=202) Heavy alcohol intakea Yes 24 (96.0) 53 (29.9)
No 1 (4.0) 124 (70.1)
Female college students (n=41) Heavy alcohol intake Yes 2 (100.0) 6 (15.4)
No 0 (0.0) 33 (84.1)
Male college students (n=58) Heavy alcohol intake Yes 7 (100.0) 16 (31.4)
No 0 (0.0) 35 (68.6)
Male casual labourers (n=103) Heavy alcohol intake Yes 15 (93.8) 31 (35.6)
No 1 (6.2) 56 (64.4)
f
c
s
y
u
t
t
w
p
c
c
s
ta Heavy alcohol intake (average of ≥6 drinks per event).
b Sensitivity.
c Speciﬁcity
acilitated the documentation of the number of standard drinks
onsumed, an information that is often not readily available for
ome alcoholic products such as sachets.
The level of correct self-reporting of high alcohol use among
oung people in our study was similar to reports from young drug
sers in the US (Jain et al., 2014). However it stood in contrast
o studies conducted in Uganda in adults receiving HIV care and
reatmentamongwhomunder-reportingwashighwhencompared
ith PEth (Bajunirwe et al., 2014; Hahn et al., 2012a). The underre-
orting in the Ugandan studymight be attributed to the population
haracteristics and desirability bias. Our study was carried out in a
asual setting with no anticipated favourable or unfavourable con-
equences, whilst in the Ugandan study patients may have feared
hat reported alcohol consumption would negatively affect theirHIV treatment (Bajunirwe et al., 2014; Hahn et al., 2012a; Jain et al.,
2014). It is worth noting that in another study conducted among
HIV patients in Uganda, the prevalence of self-reported alcohol use
increased when patients were made aware of a potential assess-
ment with alcohol biomarkers (Hahn et al., 2012b). This suggests
that the routine use of alcohol biomarkers even in subsets of a study
population, if feasible and affordable, may improve self-reports.
AUDIT-C and AUDIT showed very high sensitivities for heavy
drinking against PEth in all three study groups, and reasonable
speciﬁcity. This suggests thatAUDITandAUDIT-Cmaybevalid tools
for detecting heavy drinking in young people in sub-SaharanAfrica,
whenusingeither theWHOrecommendedAUDITandAUDIT-Ccut-
offs for risky drinking (Babor et al., 2001; Kokotailo et al., 2004).
AUDIT-C showed strong correlation with PEth concentration in the
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Table 4
Risky drinking by AUDIT-C score ≥6 and AUDIT score ≥8 vs whole blood PEth 16:0/18:1≥0.30mol/L in northern Tanzania.
Populations Risky drinking by AUDITs PEth (≥0.30mol/L) AUROCa (95%CI)
Positive Negative
Overall (n=202) Risky drinking by AUDIT-C Yes 24 (96.0)b 72 (40.7) 0.89 (0.83–0.92)
No 1 (4.0) 105 (59.3)c
Female college students (n=41) Risky drinking by AUDIT-C Yes 2 (100.0) 10 (25.6) 0.78 (0.62–0.89)
No 0 (0.0) 29 (74.4)
Male college students (n=58) Risky drinking by AUDIT-C Yes 7 (100.0) 21 (41.2) 0.96 (0.88–1.00)
No 0 (0.0) 30 (58.8)
Male casual labourers (n=103) Risky drinking by AUDIT-C Yes 15 (93.8) 41 (47.1) 0.86 (0.77–0.92)
No 1 (6.2) 46 (52.9)
Overall (n=202) Risky drinking by AUDIT Yes 25 (100.0) 82 (46.3) 0.89 (0.84–0.93)
No 0 (0.0) 95 (53.7)
Female college students (n=41) Risky drinking by AUDIT Yes 2 (100.0) 9 (23.1) 0.96 (0.83–0.99)
No 0 (0.0) 30 (76.9)
Male college students (n=58) Risky drinking by AUDIT Yes 7 (100.0) 21 (41.2) 0.93 (0.83–0.98)
No 0 (0.0) 30 (58.8)
Male casual labourers (n=103) Risky drinking by AUDIT Yes 16 (100.0) 52 (59.8) 0.84 (0.76–0.91)
No 0 (0.0) 35 (40.2)
b
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ba Area under receiver operating characteristic.
b Sensitivity.
c Speciﬁcity.
lood,which is similar towhatwas observed among binge drinkers
oung people in the US (Piano et al., 2015).
Our ﬁndings need to be interpreted in light of the following
otential limitations. Whilst PEth is speciﬁc in detecting the intake
f ethanol, the test is mainly an indicator of prolonged excessive
lcohol use and therefore moderate occasional use, or intake that
ccurred several weeks ago, could result in undetectable PEth lev-
ls (the half-life for PEth in blood is about 4–5 days), and this may
ead to an underestimation of light to moderate drinking. PEth
lso shows high inter-individual variation in its metabolism rates
Viel et al., 2012). The PEth cut off level for heavy use applied
as been established for the Swedish population (Helander and
ansson, 2013). When we explored alternative PEth cut offs lev-
ls (e.g. ≥0.40mol/L), we obtained similar results, and this did
ot improve sensitivity or speciﬁcity.Whilst AUDIT questions refer
o a reporting period of one year and PEth detects recent alcohol
ntake, we think that individuals reporting heavy alcohol intake
sing AUDIT could be expected to show high levels of PEth also at
resent. However, we accept that there may be individuals with
eported risky drinking behaviour according to AUDIT who may
ave become abstinent and would therefore not be expected to
how high PEth test results. Lastly, in our study young people
ame from two selected groups and were recruited in a casual
nvironment, and therefore our ﬁndings may not necessarily be
epresentative for other populations of young people, for example
hose being screened in the context of legal issues or in anticipation
f a medical treatment. The one-month TLFB tool allows assess-
ent of current alcohol consumption, whilst AUDIT-C and AUDIT
ssesses consumption, but also suspected dependence and other
ffects of harmful use. Generally, AUDIT-C and AUDIT are easier to
dminister and can be completed faster than the one-month-TLFB
ool, but not provide accurate estimates of actual consumption.
In conclusion, our ﬁndings indicate that the one-month-TLFB
alendar and AUDIT-C and AUDIT are valid tools particularly to
etectheavyalcoholuseamongyoungpeople innorthernTanzania,
nd possibly elsewhere in East Africa.
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